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AILAS detector - A Toroidal LHC ApparatuS

3 Ceagy

Echenevex -C'_""S . .
TG [ BN e General purpose detector installed on Large Hadron Collider

at CERN, Geneva, Switzerland

PA4 b R Versannay

SWITZERLAND
d ELISSE

P 25 m high, 44 m long, 7000 t heavy, 100 m under the surface
“. o= 3000 scientists from 38 countries
' ;) 20 years of design, development and fabrication

> August 2008
ATLAS completed

> September 10, 2008
First beam at LHC

> September 19, 2008
Start of 14 month repair campaign

> November 20, 2009
Beam in the LHC again

Tile calorimeters
LAr hadronic end-cap and
forward calorimeters

. Pixel detector ™
Toroid magnets LAr electromagnetic calorimeters
Muon chambers Solenoid magnet | Transifion radiation tracker

> December 15, 2009 Semiconductor fracker
20 ub™ vs = 900 GeV, Lmst=4.6x1026 cm?s’
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LHC in 2010 - proton-proton 7 TeV period

low int. bunches —> high int. bunches — bunch trains

=/ SR L L I L L L L L=
. @ - ATLAS Online Luminosity \s=7T ]
Beglnnlng O.I: the year N'E 104|§_ |:| o Dr;IIi::'udumanSI Y Ns=7TeV _g'
_ . . . 3] — i -
450 GeV p-p recommissioning 3 10° L peak Lumi: 2.1x[10% cm2 s .
Spring period S 1of T ’rr
Ramp to 3.5 TeV E 1 - w1y
Collisions on March, 24! % 1? llIL'
10
2 bunches per beam o -
6+10° protons/bunch 10%E
5¢10%” cm™? s luminosity e i
L I L L b L 1
¢ 24/03 21/04 19/05 16/06 14/07 11/0808/09 06/10 03/11
_ Day in 2010
Summertime i
25 bunches per beam
10" protons/bunch Autumn period :
10%* cm? s luminosity 368 bunches per beam Design goal (from 2013)
\ 6+10" protons/bunch 2835 bunches per beam
1 MJoule stored energy 2.1+10% cm™ s luminosity 10" protons/bunch at 14TeV
25 ns bunch spacing
20 MJoule stored energy 10** cm® s luminosity
335 MJoule stored energy
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AILAS in 2010 - proton-proton 7 TeV period

> Integrated luminosity: 48.1 pb
ATLAS data taking efficiency 92%

> 88M channels in whole ATLAS
97% channels are in operation

- Total fraction of good quality data
(green “traffic light”)

Total Integrated Luminosity [pb ]

Inner Tracking " e
Detectors alorimeters uon Detectors
; LAr  LAr LAr .
Pixel SCT TRT EM HAD EWD Tile MDT RPC TGC  CSC
98.5

96.7 97.5 100 93.8 988 99.0 99.7 986 985 98.6
can be even improved offline

un: 152845, Event: 3338173

1 St W ite: 2010-04-12 16:56:44 CEST
._. ‘ P ‘

p;(K-) =40 GeV
n(p-)= 20
E.m== 41 GeV

M, = 83 GeV

~ W-pv candidate
in 7 TeV collisions

Gennady Pospelov

in 7 TeV collisions

Z-pp candidate [

60 [ T T T T T T I T T T T T T T I T T T T T T T | T T T T T T i
-~  ATLAS Online Luminosity Ns=7TeV ]
50f~ [EEJLHC Delivered Highest mass di-jet |
- [_] ATLAS Recorded m =3.7 TeV
40:_ Total Delivered: 48.1 pl:nfj1 m <e1x33 dl-:v -
B Total Recorded: 45.0 pb 1
301 —
u 1* top-quark ]
20— W candidate —
10— 1t Z =
C | di-jets N
0 : 1 IAI/I /I‘IKI 1 L L T | 1 1 L | 1 L | 1 1 L :
24/03 19/05 14/07 08/09 03/11
Day in 2010
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Heavy lons Period

November, 7 - first collisions of lead ions
E_=35TeV xZ=287TeV, \/SNN =2.76 TeV

bea

Why heavy ions?

Max peak -#=1.3-10** cm? s

5 bunches/beam

Total integrated 5.63 ub™

> Collisions are expected to produce quark-gluon plasma
> jet can be completely absorbed by the medium (“jet quenching” effect)
> Can be observed as highly unbalanced di-jets (J.D. Bjorken, FERMILAB-PUB-82-059-THY, 1982)

CERN-PH-EP-2010-062: Observation of a centrality dependent di-jet asymmetry

A highly asymmetric di-jet event with one jet with Et>100 GeV and no evident recoiling jet

504, [GeV]

40

Calorimeter
Towers

ATLAS

Run: 169045
Event: 1914004
Date: 2010-11-12
Time: 04:11:44 CET
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ATLAS at MPP

Hadron Endcap Calorimeter

| Semicondctor Crentral Tracker

——

‘l'ri " i

. -- Al <l = .. .I T . - ; ‘ .i!-\ i

Tile calorimeters

LAr hadronic end-cap and
% forward calorimeters
\

ﬁf f ) I'||I Pixel detector
oroid magnets f, llll LAr eled‘rornognéﬂc calorimeters

Muon chambers Solenoid magnet | Transifion radiation fracker

Semiconductor fracker
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Inner Tracker Alignment

Measurements of relative positions of 5800
silicon strip and pixel detector modules

> Performed with particle tracks (10 um accuracy)
after successful ID pre-alignment with cosmic data
> Run subsequently at different levels of detector

granularity
> Three different approaches: global, local (MPP), 3
robust Residual based | —  J\
iterative X2 — 1\
approach /
Progress in width of the track residual distribution ' /" YN
75um (cosmic in 2008) — 40um(2009) — 38um (2010) — A
3 residual
E200>__<r1ql""l"" L R A A L L R R A B I I
— ® A Ali t - ] L |
g_ 180:— F\Llj\t‘rt'r&%z.g;i)%ﬁ;men g-,(;l__l,_qg:ée_lgn;nasry = %3 :+Autumn Reprocessing ATLAS Preliminary -
E 160 :_O Monte Carlo % \s = 7 TeV P _: ; 800} Before Reprocessing Data 2010,\s=7TeV  —|
S - FWHM/2.35=38 um ¢ 8 ttT ] 9 ~ — Monte Carlo 1 i
£ 140p ¢ e E 3 [ det=6pb‘ ]
S 120f L = 2 eoof-M<2 .
% 100F =} ] 2010 —] (@) -
- o . ] - impact of tracker
- e ] — -
235_ : ° E 400: Zand’l alignment on
- 3 . . - Z width
40F s ! E 2001~ |
20~ = i ]
s T TR - - m— = L *L‘“}'}'i'}_
-0.2 ~0.1 0.1 0.2 %o 70 80 100 110 120
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Hadronic Shower and Jet Calibration

> The aim is to have correct response to hadrons and electrons in all physics channels
ATLAS calorimeter doesn't account for invisible and escaped energy (non-compensation)

> 10 GeV charged pion:
EMEC HEC escaped - O(60%) - reconstructed at em scale
energy e 0O(40%) - invisible, out-of-cluster, escaped, dead material
energy components to compensate
Invisible -N . o
energy Out-of-cluster Local Hadronic Calibration

energy > calibrate calorimeter signal prior to jet finding

> long term program initiated and lead by MPP
- Advantage
— ‘ > Common signal base for all hadronic final
states
FCAL
dead material
energy
calorimeter cells | |3D topological clusters 3D topological clusters "
at emscale at em scale particle scale Jet Finding e
| oftware Compensation:
| N Classification 1. hadronic weighting
/ em or had? 2. out-of-cluster correction
3. dead material correctio

P ?

cluster

cluster
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Hadronic Shower and Jet Calibration

z_ 1.3 . . —— ]
Closure tests [y T Pythia QCD Didet (J0-J7) : em S;Ja'el ]

. . %‘E 127 AntiKt4TopoJets + LCW + C(In|,E.JM) s et

> The ratio of reconstructed jet energy to the 1 00<hi<03 E
energy of matched truth jet before and - ]
. . 1 R o o s sy y y T T r r T TR R o s s s w T R R o e e

after calibration /ﬁ: AL EEEEL
77777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777 : . -.....- _—

0.8

-
-
-
-
-
-4
-
-
-
-
|||"I|||

N

Reco jet corrected for had compensation, out-of-cluster - A L =

| and dead material losses yvv'’ Y =

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 0.6 vrv? —
Reconstructed jet at emscale — 3! L =
77777777777777777777777777777777777777777777777777777777777777777777777777777777 E.’ [GeV]

T T T T | T T T T | T T T
ATLAS Preliminary

> Like for jets hadronically calibrated clusters
are used for missing E_
- missing E_ distribution in Vs=7 TeV data and MC

10°
Data 2010 \s = 7 TeV
_[Ldt:ﬂ.34 nb’’

=k
o
o

Events /1 GeV

10°* nl<4.5 » good agreement, no extra tails
& Data
10° ] MC MinBias

LCW

&

D:I'I'I'I'I'I'l IIIIIﬂTl IIIIIﬂTl IIIIIﬂTl IIIII|T|] IIIII|'|T| TTTI

- First estimation of missing E_ resolution

o(E™  E"™)=05xy 2. E,

-
o

—h

==
—1
——
—

g:l.l.l.llll IIIIIllll IIIIIlI.ll L1l IIIIIIJ.II IIIIIIJ.IJ IIIIIlIJ] III_I

1 1 0 1 Il 20 1 1 1 1 30 1 1 1 1 40 1 50
ET"™® [GeV]
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Muon Spectrometer: calibration of drift-tube chambers

> Muon precision drift tube chambers provide spatial resolution of 35um to achieve 10%
momentum resolution at 1TeV

> Muon Calibration&Alignment Computing center:

Calibration centres

DQ2 :_""""""E
Level-2 muon trigger 1.’3 DQ2 ::=:=] i =c
i+ Rome Tier-2 !
ROI ' 1| a
: |
1 ; f |
' b
| 7 M events /3 DQ2 ey ||
| ' : : =
j FEF LD b Munich Tier-2 I t
~~~~~~~~ i
: . : ﬁ ...... - 200 CPUs, i
i DQ2 - : T i |
a Q e 20 TB disk space | See talk of Stefan Kluth
- 1 Oracle DB server

DQ2/U |traLight :M|Ch|gan Tier=2 E ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, |

- e

Calibration strategy:

> Acquire 1 kHz single muon stream from level-2 trigger

> Send this data to Michigan, Munich and Rome

> Determine the space drift-time relations by minimizing track residuals in MDT chambers
> Update the database

Gennady Pospelov MPP Project Review, Dec. 20" 2010 13



Muon Spectrometer: alignment with tracks

/fsagitta =500 um £

/ TeV

~5mi] | middle chamber

Alignment concepit:

> Movement of chambers are monitored with
few um precision by a system of optical
sensors

> Initial relative position of the chambers are
measured with straight muon tracks
(without magnetic field)

0 _ A DS S A
.0231000; A Track alignment ]
*GE) 800 F Mean: (0.022£0.007) mm ]
5 - Mech. alignment i
— 600 Mean: (-2.094:0.015) mf p
© - - | .
Ye! - .
= 400: i
c 200 .
0- - - :
-10-8-6-4-20 2 4 6 8 10
apparent sagitta of straight tracks [mm]

| inner chamber

Z

Sagitta resolution (width of the distribution) is 100um
at 1 TeV, 200um at 100 GeV
> correspond to momentum resolution 20% at 1TeV
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Muon Spectrometer: performance

Q_'_ 0-2:"‘"‘I"'I"'I""""""""":

OO e e 7 » Momentum resolution measurement derived
0.161 - E from width of J4 and Z mass peaks in
014} . caisiozan v, w270 - agreement with cosmic ray data
0.124- . » momentum resolution of 20% at 1 TeV

[ MS Barrel [Cosmics ] . . . . .
O.1]f o Coloms-0.35 Gov, Ms-a.8% - > design resolution 10% only after calibration run with
Measure=0.2 TeV"! - _ . . .
0.08 ATLAS - pp collisions with no magnetic field (planned for
0.061% Data 2010 __ 2011)
0.04 :
0.02F ]
0 20 40 60 80 100120140160180200 . p . .
p, [GeV] S - -
S 0.95;— g e—1 | =
L = g =
- : 0.9 —
> Muon efficiency measurements using Z—pu = .
decays 0.85— E
> Require pair of muon and a track in the inner 08F- E
detector, check if track was identified as muon " Tag & Probe, Data 2010 - Muid oo -
075 1 _ aopp! -®-Data =
Measured and predicted muon identification y , e~
efficiencies agrees nicely within 1% B e G
. E ) ) ) ) ) ) ER
20 30 40 50 60 70 80 90 100 |
P; [GeV/c]
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LHC data analysis

> ATLAS has recorded ~45 pb™ of data at Vs = 7 TeV

> First round of physics analysis in ATLAS is just about all the physics of the last

half-century
- based mainly on several pb" of integrated luminosity, full update is expected for
Spring/Summer Conferences 2011

MPP ATLAS group activity

> Standard model physics (electroweak, QCD) in early data taking phase
> Precision top quark measurements
> Search for the Higgs boson in the standard model and beyond

> Search for supersymmetry and for beyond standard model physics
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Dimuon mass spectrum and resonance peaks

> Observed all classic resonances
> Event selection:

> L1_muon trigger, P_u1(2) > 4(2.5) GeV, opposite charge pair

> JIY is one of the first “candles” for detector commissioning and early physics
> large sample of low-pt muons to study trigger and identification efficiency, resolution and absolute

moment scale in the few GeV range
> Use other candles to establish points along momentum

10° Sv ILm 40 pb™
10*
10° 4
107

10

dN, /dm, , [GeV/]

1

ATLAS Preliminary

101 Data 2010,Ns= 7 TeV
1 1 1 1 Ll II 1 1 1 1

1 10 10?

scale
. %10°
3 [ ATLAS Preliminary o oate 2010

= Fit projection

7
=
8

]

== == Fit projection of bkg.

B Vs=7 Te\/>

a0l det=41 pb’
N, = 846000 = 1000

W, =3.095 = 0.003 GeV

0y =65+ 1 MeV

Mass resolution ~30 MeV

Di-muon Candidates / ( 0.01
(2]
o

m .. spanned over ~3 orders, several familiar resonances

J/¥ mass is in the agreement with PDG values
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Electroweak gauge boson production cross section

> Electroweak gauge boson W and Z production at 7 TeV
> Among dominant backgrounds to search for New Physics

WHIV > TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT |J_ T T T T T T T T T |: T T T T T T T T T T T T T T
T $16000L a7LAS Preliminary antazo1w§=wew__ c(pp—>{/v—>|v) o " aTLAS
N W —uv B '
ransverse mass mT g14000 :—J. L dt = 35 pb.1 E?CDH _: - - Theory (NNLO) E JLdt=31o-315 nb"
_ \/2 i . (1 B ( Z_ V)) ;12000:_ :Iw:u::» _: : Data 2010 \'s = 7 TeV)
mT_ pT pT COS (p (p g C = Zo ] —a— i | a Electron channel
£10000F ’ = '
P |ep’[0n > 20 GeV - C ] —— v Muon channel
T 8000F - :
Isolated muon |Z -Z  |<1 cm - .
FX 60001 . L “ Combined
E_miss > 25 GeV 4000k E ' T = " Combine
L | PRI SRR | BT S PRSI RS SRR R S R
m. > 40 Gev C ] 8 9 10 11 12 13 14
T 2000F E o,, [nb]
Background: QCD jets .
40 50 60 70 80 90 100 110 120 stat  syst lumi
m; [GeV] O'WBR(W—>|V)=(996iO23i050111 0) nb
Z—)” >3500J""""""\""I""I""\', T
. . 8 - ATLAS Preliminary ] o(pp — Z/y* — Iy E ATLAS
Pair of opposite charged leptons L S . -~ Theory (NNLO) L Lo
|ApT(|D'MS)| <15 GeV “?:25003_ [z-sce B : Data 2010 Ns = 7 TeV)
66 GeV <m < 116 GeV S 2000} [raarpn A * s etama
Background: QCD, ZZ—TT W—>ey| 1s00F = AR I Y Mo chanmel
1000 . V o Combined
M(Zee) =90.9+0.3 F SR " ombme
M(Z ) = 90.8:0.3 a3 R R A S T R R KR R KR v
HU nlfi Lot
%0 70 80 90 100 110 120 G- [ND]
m, [GeV] stat  syst lumi
(TyZBR(y/Z—>||)=(0.82i0.06i0.05i0.09) nb
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Inclusive Jet cross section

17 nb?, 7 TeV
> Using anti-Kt algorithm with R=0.4

Inclusive jet differential cross section as a function
of jet p, integrated over full region of |n|<2.8

. . . — 1N° = : ——— ——— ——— —
> Measured jets corrected to particle level using S '0F™! | | TS
parton shower MC (Pythia, Herwig) S o7 o <2e N
o = 3
. . . — - == Systematic Uncertainties -
» Results compared with NLO QCD prediction after g7+ B .0 oD (072 0.7 ot o,
correction for hadronization and underlying event 2 ' antik jots, A4
'I()3 = —— I =
. . = j Ldt=17nb"  Ns=7TeV) 3
> Experimental uncertainty ~40% L —o= B
> Dominated by jet energy scale (JES) , .=
. . . B - _+_ ]
> Luminosity (uncertainty ~10%) 10 arXiv:1009.5908 .
15
> 0.18 Sy o - o ‘%
_% — anti-k, R=0.6, 0.3<n|<0.8, PYTHIA 6 ] > 2r ‘ 3
g 016:_ [ ] Underlying event (Perugia0) @] Fragmentation (MC09-Pro) _: g 1_52_ _f
O 0.14F A  ALPGEN, HERWIG6,JIMMY A  Shifted Beam Spot ] c 12 R — -
oD E | Additional Dead Material O Hadronic Shower Model E % - B B _T_ 3
L 012~ v  nNoise Thresholds ~ =-=-=-- LAW/Tile Absolute EM Scale ] & 0-5F E
g 0.1 :_ X JES calibration non-closure  [____| Total JES Systematic Uncertainty_: O ok 160 260 360 460 560 660
2 = ] p. [GeV]
& 0.08F ATLAS -
o - . . 0L :
w 0.06]- = Dominant contributions to jet energy scale
goo4 | T 0 3.2 o EI____g__E__g__E__E__E__E___E_—; uncertainty
goo02- | % ¢ ! ; - — > Hadronic shower model
o 6.8 8. 3.5 8 s 3808 84y > Electromagnetic scale uncertainty
20 30 40 10°  2x10° 10°

> Material description
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Top Quark Physics

Vs 1.8 TeV
— + +
Tevatron o(pptf]  ~7pb LU 173.1 £0.6(stat)+1.1(syst)
Vs 7 TeV 10 TeV 14 TeV

LHC Uncertainty will be soon

o(pp—tt) ~400pb  880pb ' dominated by systematic

x20 times Tevatron/ \

o . -=

“single leptons + jets” early discovery channel
tt - bWbW — blv bjj (Br =33%, | =e,u)

One top pair is decaying every 20 nb™' of data

Measurement of top quark properties in ATLAS requires
good understanding of full detector performance

> Lepton identification  mis-identification ~10°

> ET miss uncertainty 8 GeV
> Jet energy scale uncertainty 7% \C“:( em;,f ough b
» B-tagging ~50% b-tag efficiency estmation

Several methods applicable for early top mass measurements are investigated at MPP
> To increase signal/background ratio

> To decrease impact of jet uncertainty

> To evaluate background from the data
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op In Data

> Already at the end of May we started to observe

events like this
> event display of a top pair e-mu dilepton candidate with two
b-tagged jets.

Run Number: 1603958, Event Number: 9038972
Date: 2010-08-08 12:01:12 CEST




Top in Data

> Top quark pair production cross section with 2.9 pb™in lepton + jets final state

arXiv:1012.1792

n [ [ [
s . “n [ I I I i
o ATLAS  pretag e+jets E | ATLAS  tagged e+jets ]
oo T * data ] o 60 * dat. B
10° y - ata
L=29pb |:|r|." . J-L 29pb’ [
[l single top 50— B single top
10°F <+ jets = B Z +jets
We+jets 1 g0k W+ jets —
10° i iy B aco - Qcp
. FAuncertainty 3 7] uncertainty ]
10° '%” // #
v ]

10

=4

3

Mumber of jets

> Selected tt candidate:
> 37 single lepton events (e/u)
> 9 dilepton events (ee+eu+pupu)

3 >4

Number of jets
—
Q
o
L —

©

> 12.5+5.1 events - background contribution

W+jets+QCD estimated from data

o,.=(145+31") pb

Gennady Pospelov
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Jet multiplicity distributions in electron +

jets channel:
> missing E_> 20 GeV

> One electron P_>20 GeV
> At least one jet P >20 GeV
> Before(left) and after(right) b-tagging

Excess of events with >4 jets after
applying of b-tagging means appearance
of 1.

| e ATLAS ----- NLO QCD (pp) i
| (2.9pb™) —— Approx. NNLO (pp)
¥ CMS --- NLO QCD (pD) e
— (3.1pb7) ----- Approx. NNLO (pP) _ o225 —
C « COF .
: A DO . . :
- 250¢ l 1
— 200f |-
- 150 b ] ]
- 100} 1
i / 6.5 7 7.5 |
; 1 1 1 1 1 1 | 1 1 1 | 1 1 1 1 I 1 1 1
1 2 3 4 5 6 7 8
s [TeV]



Prospects for - with 1-d template method

10 TeV Monte Carlo

Template method: N | wab_ Mgy
m from m,,=[160,170,172.5,180,190]GeV  ~ Stabilized m,_: Miop = reco W

> Parametnzaﬂon of the signals by a > Predicted SM background fraction (S/B~1.4)
single PDF depending on m,, > Input Moo = 172.5 GeV, vs=10 TeV

> Background PDF is obtained from the
sum of all background distributions

Statistical uncertainty [GeV] as a function of %y
10pb~! | 30pb—! | 100 pb~!

(independenton m,, ) Electron channel | 108 +35 | 7.0 +2.1 | 2.7 + 1.3
> No b_tagging yet Muon channel | 99+39 | 58+15|28+0.8
1d likelihood flt in muon channel 1-D: Am,,,(Vs=10TeV, L=100pb)~ +2 (stat) + 4(syst) GeV
> 140 — —
3 AT’-AS Pre"m'nafy * Lu-10050 pseuccexpermen ATLAS-PHYS-PUB-2010-004
o 120 Simulation . Best Fit background . —_ - - - -
= 0 S 25¢ I l =
“g); 100 Best Fit ti + background | éﬁ 20 - *The JES SyStematiC -
£ M, = 171.2:.3.2 Gev T — ) largely reduced wrt m,,*° ;. —
w 80 "g' 10f Miop B f
o e e - b =
60 P - =
= - :
40 b - g
5 S e
20 o -
_1 5; ..... ;
0 i [ R R R L1 L1 [Ty - ATLAS Prellmlnary -
100 200 300, 400 500 600 700 -20F Simulation ~
tab = ! [ R L ! L
signal + bkg. PDE from sums Miop” [GEV] 25709 0.95 1 105 1
fit to data of thSiCS bkg JES
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Improving on the top reconstruction

10 TeV Monte Carlo

Standard reconstruction With multivariate analysis

entries
entries

¥ signal+ background

> Significant improvement of
S/B with help of a
multivariate analysis (Fischer
discriminant) based on 7 4, i
kinematic observables

I. Gottfert

'+jots af
400 - ; .

200~
/ 150~
200 : L ¥ ]

100~

50—

1001 ' —

% 100 150 200 250 300 350 400 450 500 % 50 100 150 200 250 300 350 400 450 500
m;; [GeV] m;; [GeV]

Z I T | i T | T | T

— Kinematic Fit

> Significant improvement of i
the reconstruction of 3-jet 600
combination  from  the '
hadronic quark candidate by
using a constrained 400r
Kinematical fit

— [nitial Four Vectors |

max
R Pf

P. Weigell 200

: ! | | I
0900 150 200 250 _ 300

Gennady Pospelov MPP Project Review, Dec. 20" 2010 m , [GeV] 25




Projections for the SM Higgs Bosons

> The latest sensitivity projections for the SM Higgs boson seach at 7 TeV
> full coverage only by combination of several channels (H—-WW is dominant).

Exclusion limits at 95% C.L.

9 L L L L % 1 0 ......... L SRR AL LU I UL L L LN 1 ............. Lo Ll
Zs o —e— 30 ObS 1 fb -
=& 10 ATL-PHYS-PUB-2010-015 B —=— 3gobs., 21b" .
o . 2 . —+— 3¢ obs., 5fb" ~
= 2 ... . I TeVatron 95% CL exc.
g =2 e |:| LEP 95% CL exc.
] 1E = e . : i :
] = 3 o)
— — . w
2 - - b
o B —8— HoWwW .
- _ —-— Ho 4l
d 107 :_\='s=7 TeV ATLAS Preliminary =~ == H-2Z-1bb -
3 - (Simulation) A -
& i ; e ] ansensitivity .. .
I JL dt=1 fb = Pl : ATL- PHYS PUB 2010 415
—Y : \s 7TeV PrOJecilons _
ol e e e ey I . N A A
10100 200 300 400 500 600 10100 150 200 250 300 350 400 450 500 550 600

m[GeV] my[GeV]
> Exclusion with 1fbo™" of data in the Higgs mass range from 129 GeV to 460 GeV

> 3o evidence possible with 2fb™ for Higgs masses from 131 GeV to 430 GeV

No SM Higgs exclusion or discovery is possible so far with current LHC data
However, 2011 will be the year of the Higgs!

> Main MPP contributions to SM Higgs: H-WW-—lvly and H—ZZ—4l channels
> Working on exclusion limits and data-driven background estimation for Winter Conferences (~35pb™ of data)
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SIM Higgs Boson Search: (VBF) H-WW-—lvly

> VBF cross section production O(10) lower than via gluon-gluon fusion
> however the topology allows efficient suppression of background

I - H-WW exhibit dominant branching fraction for m(H)>160 GeV
> main focus for 2010/2011 data

> Only W—ev, W—puv are accounted
> W in all hadronic final state suffers from multi-jet background

o
ﬂ s

Requirements to suppress background AN decay chain
> Two forward jets, veto on central jets proton bunch N proton bunch

> Removal of jets having pile-up origin (method of B A A -
track-based jets developed at MPP) AN

pile-up vertexes

Vector Boson
Fusion (VBF)

= R N e S L R R R LR
2 aste Sl wihoutple-wp 3 5, 161 VBF H-WW  — 95% CL Limit —
g ggg —— with piIeFiup " "-g 14:_ S|mUIat|On EETEY with pile-up —:
PN I - — 1 -
2 25 . E = 12 L=11fb -i1(5 =
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w 160F g E 4 ©F CERN-THESIS-2010-043 ]
— 140 = = (@] = ]
€ 120F A R SR PR < OF E
5 100 O rack Jo (GeV] O 4F s
60F calorimeter jets 3 2 -
40E L . 3 L | R

23{;’: (high pile-up impact) - 3 0™320 130 140 150 160 170 180 190 200
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p,(Calo Jet) [GeV] Higgs exclusion limits My [GeV]
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Neutral and charged MSSM Higgs Boson Searches

MPP is a driving force for the MSSM Higgs search in the di-muon channel
Diploma thesis and ongoing PhD work: Sebastian Stern

Bachelor thesis: Sara Neuhaus, Florian Pils.

PhD thesis: Thies Ehrich

+ - + +
A—>IJ I'l H —T VvV 95% C.L. exclusion sensitivity
§ T T T T 60
0 R ] 55
= - ’
8] — —
x S0 : i CERN-OPEN-2008-020
. B N 45

S a0l . ATLAS Preliminary w0
0 [ gaeeemeemeT ar (Simulation) ]
o § ] -
% 30[— h/H/A — p* i ] § 30
o - ATL'PHYS--'-E)EUB'%)BI-%TQQ% uncertainties ] 25 -
C | | -
8 20¢ —se— >0 b+jets, with uncertainties - 20 Lo

- | 1 ’ .5 B 10 b~

— . \s=7TeV,L=11b - — m e

10 P s ! ] 1 CERN-THESIS-2010-100 T ™
- l mh Iscenarlo | | - 5| ATLAS
f20 140 160 180 200 % 10 110 120 130 140 150

mA (GeV) mH+ [GeV]

Analysis optimization and data-driven background estimation

> Recently updated for Vs=7 TeV, based on the latest Monte-Carlo simulation, ongoing studies
with LHC data
> Exclusion limits under preparation for the Summer Conferences 2011
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SUSY Searches

> If mass scale of SUSY particles is accessible at the LHC... leptons
> First LHC data: search for events with multi-jets and large missing

E_due to escaping lightest SUSY particles X ° 7

1

> So far the Standard Model predictions match the data well £ miss

ATLAS-CONF-2010-065 E_miss in >=4 jet channel
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> With 7 TeV data collected in 2010 part of SUSY

parameter space can be excluded
> with 1 fb™ squarks and gluinos with masses up to
~700 GeV can be discovered m
> estimation of SM background from data is ongoing
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> Introduction
> The Machine and the Detector in 2010
> MPP in ATLAS

> Alignment and calibration

> LHC data analysis

> R&D projects for LHC upgrade
>LHC and ATLAS plans for 2011

» Conclusion
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LHC and ATLAS upgrade program

>
=
S A i inosi : ileup (400 collisions)s
o Ultimate Luminosity LHC: pileup (400 collisions) S
c Insert new pixel B-layer - —
& Upgrade for sharper LV1 Phase-2 (
= |~300 fb" trigger .18 months |~
5 2 e
Q |
© T
= Phase-1 | .- High Luminosity LHC:
~ rtr 1 112 monthe | .7 1
o) 30 0™ [ consolidation + new 12 months .- New inner tracker +
£ external beam pipes | = 7 address radiation and rate
— ' in end-cap calorimeters
Phase-0 | .-~
~1 fo' |15 months |..~”
.......... L ~10% L ~1-2410% L ~5-10%
‘‘‘‘‘‘ ; P : 5
12012 ' 2016-17 12020-21 Year

MPP at Phase-2

> Silicon pixel detectors
2 Liquid argon end-cap calorimeter readout electronics
2 Muon trigger and readout electronics

MPP at Phase-1

> Silicon pixel detector
2 Forward muon detectors and trigger
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Silicon Pixel Detector upgrade

Insertable B-layer upgrade project to improve b-tagging
performance and resolution (2016, ®=510" n,/cm?) front end chip

Complete replacement of silicon part of the Inner Detector for GND—
HL-LHC (2020, #=10"° n_/cm?) HV—>

p-substrate

New n-in-p thin pixel sensors have been produced

> Reduced material budget (300um — 150um, 75um options)
> Thinning technology by MPP/HLL
> Less expensive due to n-in-p “single side” process

S o of | | | E R
8 09 3 g £ 50 100%
=410 © 3
0.8f . g S 40 i, 08
[ —9 ~ D | -. . [
07F EREE £ Not_lrradlasleq_dévloe 96
[ = E E | —
06f ~ 1615 n,Jem’ 3, % 20 Mel.n Lradkm_g Eﬁ'rl'gr-i’»% o4
; N : 5
[ ] [
0.5F _73515 nec{cm —6 10 . . . 92
i . ! . N
0 500 1000 1500 0o 300 400 90
Bias voltage [V] Long Pixel Side/um
> Second production of 150 um n-in-p pixel sensors Test of tracking efficiency of first MPP fully functional

designed for new ATLAS pixel chip FE-14 for IBL
qualification (decision in 2011) is ongoing.
Gennady Pospelov MPP Project Review, Dec. 20" 2010 32

300um thick prototype with pion beam.



Silicon Pixel Detector upgrade

Solid Liquid InterDiffusion

SLID ICV
/ ~

Insertable B-layer upgrade project to improve b-tagging
performance and resolution (2016, ®=510" n,/cm?)

Complete replacement of silicon part of the Inner Detector for
HL-LHC (2020, #=10" n,/cm?)

A/ n+ .
s(ibstrate thin sensor

HV

Project for vertical integration of pixel sensors targeted
for HL-LHC

> Test of SLID, new interconnection technique, with Fraunhofer EMFT
> More robust and possibly cheaper alternative to bump-bonding

In collaboration with

~ Fraunhofer
EMFT

Properties of SLID interconnection studied:

> Inefficiencies < 10
> Positioning precision of order 10um

Working on interconnection between MPP thin
pixel sensors and ATLAS FE-I3 chip
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Hadronic Calorimeter upgrade

> HiLum ATLAS end-cap project establishes operation conditions of 3 calorimeters (EMEC,
HEC, FCAL) under high radiation level

§V=vo V=0\\ > Critical issue is ion build-up in LAr gaps: decreased
y  cloud of stacked ions R electric field, increased recombination rate, distorted
J E N signal shape

---------- 4>S - §

pb“”C“eS§ o> o> § > Calorimeter modules have been exposed to the 50 GeV
§ © © / § proton beam at the IHEP synchrotron in Protvino, Russia
T ol - at various intensities (10" - 10') protons/spill

z=0 / z=

Expected signal degradation has been observed -HEC can
be operated at HL-LHC, FCAL should be redesigned.

I-E-El HEC

' Rate 1.41e+01 to 3.16e+01 p/bunch Rate 1.00e+03 to 2.51e+03 p/bunch
;e e ey ) _
it 1200V § ! [ 1200V
S0 {1000V 0. 1000V
E [ | E [ 800V
o6 600V o6 600V
: ' ' ' 400V,
Faneads e 0.4 :
FUNENE 1 / ! zuu.v
A e 02 100V
LAr temperature sov -
) o
risesby 0.5 K B o
‘ 89,10 i
150000 09:00:00 09:10:00 0920000 L | L . | L . I . ol - L L L Lol e
P40 0 200 400 600 800 400 0o 200 400 600 800
Time, ns Time, ns

measured signal at HEC at different proton/bunch intensities
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Hadronic Calorimeter upgrade

Electronics of HEC modules are operating in liquid

argon.

> Radiation tolerance corresponding to 10 years of LHC
with additional safety factor of 10.

> For super LHC radiation hardness is at the limit

Radiation hardness of currently installed HEC electronics

=
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@ .
3 ! Lo ' 'HL-LHC
200 e T i S e fatery
E‘ A ' AR tor
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0.8 neutron fluence
0.6/ R&D for possible electronic upgrade is ongoing
04k > Three promising transistor technologies (SiGe, GaAs SiCMOS)
" have been irradiated under neutron beam in Prague.
T > Si based CMOS option is currently preferred, design of whole
C Ll ol |

pren T EerTa chip is in progress.
Fluence [nfcrn"M ) . "
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Muon Spectrometer upgrade

> Current MDT chambers with 30 mm @& drift tubes designed for

maximum irradiation and counting rates 300 kHz/tube (10**cm™?s™)
O(10%) occupancy due to neutron/y radiation in the cavern — 50% at HL-LHC

> Fast muon drift-tube detector with 15mm @ drift tubes is developed to
cope with increased irradiation rates with 7x smaller occupancy

Design is ready for construction of chambers to fill acceptance

gaps in barrel muon spectrometer in 2012 shutdown
> up to 16 chambers with 7000 tubes in 2011 to be produced in house

2016/17 replacement of end-cap inner layers (small wheels)
> 2x48 chambers with 35000 15mm O drift tubes + new electronics

2020 Integration of new radiation hard readout and trigger
electronics with high momentum resolution

......

New rgaadbut.modulé'::.-
with trigger functionality
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Muon Spectrometer upgrade

Test at CERN muon beam (H8) without Scintillators e m—

background radiation

- 15mm @ drift tube spatial resolution (bottom left ) HBT: charnier
as expected from 30mm O tubes (and confirmed by | yyitilayers
GARFIELD simulation)

Active trigger
region

Test with cosmic muons at CERN gamma

irradiation facility
- 15mm @ drift tube efficiency as a function of
background y counting rate (bottom right)
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LHC schedule for 2011 (draft)

From Mike Lamont, LHC
January February March April May June
]
July August September October November December
]
[ Technical Stop B Machine development .| Proton Physics
o _ Decision after
| Recomissioning with thebeam | | lon Run Chamonix Workshop,
February 2011

\
onergy  ssTvTen
> Beam back around 21%' February
> Machine development every 2 weeks 936 (75 ns)

> 200 days proton physics

~ 4 weeks ion run integrated per day | 11 pb
> End of Run 12" December, 2011
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Conclusion

Hector Berlioz, “Les Troyens”, opera in five acts

> 2010 was a great success
> The World still exists

> Since 30" of March ATLAS has been successfully collecting
data during the first LHC run at Vs=7 TeV
- detector recorded 45 pb™ of LHC data with 92% efficiency

> The first data demonstrate that the detector performance is
as good as expected and in agreement with detailed
simulation.

> Broad range of measurements from low pt to high pt:
resonances, jets, W and Z bosons, top events and search
for new physics beyond the SM.
~ Many more results to come next months

> Significant amount of data O(fb™") is expected next year
> Start to be competitive to Tevatron for Higgs search

> Major contribution of MPP to construction, commissioning,
operation, physics analysis and upgrade activity of ATLAS
experiment.
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Bonus Slides
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Heavy lons Period: indication of jet quenching

November, 20 - ATLAS reported observation of
centrality-dependent di-jet asymmetry!

Study is focused on the balance between highest
transverse energy jet pair (E.>100 GeV, E_>25 GeV)

in the case of small missing E_
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Asymmetry as a function of event “centrality” (ratio of total
E_ energy deposited in the forward calorimeter)

3 data sets are compared:
@® lead-lead data

PYTHIA + HIJING (unquenched)
O proton-proton data

As events become more central,
lead-lead data indicates an
increased rate of  highly

asymmetric di-jet events

Iess central events

15

) dN/dA
evt

(1/N

Gennady Pospelov

40-100% |

ra -

Ll R B
25 3 3.5
FCAL E, [TeV]

more central events

\f 2 76 TeV 0-10% ]
ATLAS |
* Pb+Pb’]

++ le—1 v }.Lb 1]

statistical
uncertainties only

0.0 04 06 08 1
MPP Project Review, Dec. 20" 2010 Ay

O "0z 04 08" 08—




ATLAS at MPP

Muon Drift Tube chambers
(MDT)

> 15% of precision drift-tube
chambers

> Optical alignment monitoring
system

> Muon chamber alignment and
calibration

Hadron Endcap Calorimeter
(HEC)

> 25% of the HEC
» Cold readout electronic

> Hadronic shower and jet
calibration

Semiconductor Central Tracker
(SCT)

> 10% of the silicon strip detector
modules for the SCT

> Inner tracker alignment

Gennady Pospelov

Tile calorimeters

LAr hadronic end-cap and
forward calorimeters

Pixel detector

Toroid magnets /ﬂ LAr electromagnetic calorimeters
Muon chambers Solenoid magnet | Transition radiation fracker

Semiconductor fracker
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Silicon Tracker Operation & Performance

disabled - %
SCT is in a good shape: S -
> > 99% of the detector operational _--

> SCT geometry extremely stable Low voltage

> Hit efficiency 99.8%, Design: 99% _--

> < 0.2% disabled noisy strips Readout 13.7 0.34
» Full SCT very well timed in ~ Total 397 097

> Excellent beam conditions monitor (only silicon tracker

. > L — gy e " —m— T ——
at LHC powered during non-stable beams) g ‘ — -
E 0.995
> Known Issues: = o _
o T - 2 SN ks
.1 Severe optical link failures (~2-3 per day) o 199840 1%
1 Replace by spares to ensure operation ATLAS Preliminary: SCT Barrel
. 0.98 o Mg':ﬂ as 2?005, 1.(;ft‘.“,‘run<:t4g165( . 5 -
. New production needed when cause found out g, Oty ey Outg, % g, S g,
3105'f'w"”w'"\"*w"'
5 |:| Barrel: 1.45€-05 -
"6104 - Outer endcap: 3.32e-05
o 107 . : . . . : . | . | . | g E R Middle endcap: 2.256-05
~ ;¢ £ Run 162620, 50b_35_14 Stable §1Os _ ATLASPreliminary
p2 Beams - SCT Calibration
E10° : Flat Top / Squeeze " Dec. 2008
Ramping 2| Endcaps: -4.5°C
104 . . 10 p
5 Cosmics Injection © Barrel: 4.5°C
10 ?
10° 10¢
10 :
1
18:00 ) N 3
localtime log, (occupancy)
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Hadronic Shower and Jet Calibration

z_ 1.3p . . —— ]
Closure tests [y T Pythia QCD Didet (J0-J7) : em S;Ja'el ]
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5 25F —4— Data 2010 yE = 7 Ta¥ B = —4— Data . . . .
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Hadronic Shower and Jet Calibration

j\ L LI T 1T T 1T | T T 17T | T T 17T | LI ]
Vs = 7 TeV data 5z | ATLAS Preliminary |
W 25+ —+— Data2010\s=7 TeV A
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. T +
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> Level of correction is the same 2_ *:EFE:& a—%‘ﬁi
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Inclusive electron cross section measurements

E_ distribution of electron candidates after tight selection

comparison with FONLL predictions
+ T + > Method presented at ICHEP:
Al 3 - https://atlas.web.cern.ch/Atlas/GROUPS/PHY
SICS/CONFNOTES/ATLAS-CONF-2010-073/

—

> IAEL L L L IR IR I B B I .
8 10°L ATLASPreliminary - pata2010 8s=7TeV) - ~ Aim: to measure heavy flavor (Hb/Hc) Cross
> - J 4 Monte Carlo 7 sections using an inclusive electron
- - L=13.8nb [JHadrons ]
S 103 3 Conversions _ Sample
= E [] Prompt electrons 3 . .
= i 1 > Main tasks:
- o - i > Extraction of signal, dominated by 9x larger
1 E background (hadron fakes and conversions)
. ] > Unfolding of detector efficiency and resolution
10 = > Further unfolding of hadronisation effects and
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> MPP has contributed to many parts of the analysis
> Generation of POWHEG (NLO) bb/cc samples, for systematic studies of identification and
hadronisation uncertainties
> Studies of the different signal extraction techniques (systematic biases, use of different
discriminating variables, identification efficiency extraction)
> Currently studying uncertainty of reconstruction efficiency
> New CONF note is in preparation.
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Dimuon mass spectrum and resonance peaks
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Electroweak gauge boson studies
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Electroweak gauge boson studies

W- v L B | L B B

r— C H
-g - ATLAS o(pp = W= 1v) ' ATLAS
: - Data 2010 (s = 7 TeV) -- Theory (NNLO) i J-L dt = 310-315 nb"
Z 10 = J‘ L dt = 310315 nt” Data 2010 N's = 7 TeV)
T - oo g SV F——+—s—+—+——1 & Electron channel
- -=I'v e e e '
E B AWy BT e a
5 e e vt : ‘ v Muon channel
% 1 E_ ..... g “.“‘1 :
© N " NNLO QCD /0 CDFWos (lle) v Z'—o—Ta—g:%w m Combined
i B W (pB) /0 DOW- (e/u)v P I [ RN N
107k W (pp) ® UATW= v 8 9 10 11 12 13 14
S wom T oy [no]
- e W’ (pp)
4 + TR . . L
: 10 O, X BR(Wo Iv)=9.96 + 0.23+ 0.50 + 1.10 nb
\'s [TeV]
—_ o(pp — ZIy* — ) : ATLAS
0 L Z = 11 0
C ATLAS - - Theory (NNLO) i JLdt=316—331 nb’
[ —1 ; '
—~ 1L Data 2010 {'s = 7 TeV) . Data 2010 (\'s = 7 TeV)
T E ILdt=316-331 L - E A Electron channel
* T ezl (66<m <116GeY)  _..F ;
?. [ - :
N B H—¥— ¥ Muon channel
e - 1
= e 1
m | L ;
AL i i :
)(* 10 = * o CDF Z/y*— ee (66 < m < 116 GeV) e a Combined
*- C s -71; DOZy*—see (70<m <110 GeV) :
N B o" * - |1|1|1|1|111|1]111|11||:1|11|1|11||l||11|1111||1
o - CDF Ziy'— eeluu (66 <m, <116 GeV) 05 06 07 08 09 1 11 12 13 14

D0 Z/y*—>ee (75< m < 105 GeV)
_______ Ziy* (o) o UA1Zy*—ee (m >70GeV)
N O  UA1Zy*'—> m_ > 50 GeV
2" (pp) Y'=pr (m o )
v

10°F - P R 0,,XBR(y/Z - 11)=0.82+ 0.06+ 0.05 0.09 nb
1 10
\'s [TeV]

NNLO QCD

G- [nb]

arXiv:1010.2130, subm. to JHEP

W, Z prod. cross section measurement, good agreement with SM NNLO
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W+jets production

Distribution of the number of jets in selected W event
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Search for heavy gauge bosons: Z°

do/dm (pk/50 GeV)
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Background very small.

Tevatron (CDF) mass limit 1 TeV.

Can be improved with = 30 pb™,
mass limit > 1.5 TeV with 400 pb™.

50 discovery potential above 80 pb™.
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Charged MSSM Higgs Search: H*—t1~v

MPP has been a main developer for the charged MSSM Higgs Search
In the channel tt—>(Wb)(H+b)—>(Ivb)(Tjetvb)

PhD thesis: Thies Ehrich.

95% C.L. exclusion sensitivity

i CERN-OPEN-2008-020 Data-driven background estimation
as 4N Now being applied on the current data
40 (also for MSSM H— 1T search)
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t[ background to SUSY

- SM processes with similar to SUSY signatures

- Wand Z, tT production (due to large missing E_ energy originated by v)

> QCD multi-jet production

~ Estimation of SM background from data control samples is essential

Example: tT background to 0-lepton SUSY search
> Dominant contribution from events t—btv with later
hadronic T decay

> Estimation of this background from data is
complicated (T jets are hard to recognize)
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N o
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4 The solution: select

from data t—buv, replace
b muon “manually” by tau

> And simulate decays of hand-made tau again:
> Truth replacement: form a jet from true tau decay
hadrons and apply jet response function
> Embedding: passing tau decay through detector
simulation
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Missing E_ in the O-lepton final state:

> real (=) and estimated (-®-) tT
content are in good agreement.
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Petra Haefner

The TX Failures

TXs send clock & command signals to modules
All replaced in July ‘09 after failures (ESD)

March 2010: started to fail again

632 TXs in ID (360 SCT, 272 Pixel)

487 failures (282 SCT, 205 Pixel) (as of Nov. 14t")
current SCT failure rate: ~2-3 per day

SCT can use redundancy from neighbouring module

» |nefficiency from death to end of run
+ |Inefficiency from death to end of fill if no redundancy available

Pixel does not have redundancy scheme
SCT only replaces TXs that cannot use redundancy
-> save spares
Priorities
* Produce more spares to bring us to 2012 shutdown

* Understand and solve problem and produce new TXs
* Understand if on-detector RXs have same issue
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